The activity of a transient potassium current in retinal glial (Müller) cells depends on extracellular calcium.
The modulating effects of varying extracellular concentrations of Ca2+ ([Ca2+]e) and of other divalent cations on the fast transient (A-type) K+ current (I(A)) of freshly isolated Muller glial cells from rabbit and human retinae were studied with the whole-cell patch-clamp method. The I(A) of Miller cells was voltage-independently blocked by extracellular 4-aminopyridine (4AP) with a 50 % reduction achieved at 0.94 mM 4AP. The I(A) amplitude was elevated by increased extracellular [K+]. Elevation of the [Ca2+]e had three effects on the glial I(A): (i) it concentration-dependently shifted both the activation and inactivation curves towards less negative membrane potentials, (ii) it increased the peak current amplitude, and (iii) it slowed down the activation and inactivation kinetics. Particularly at depolarized membrane potentials, the I(A) was enlarged and broadened when the [Ca2+]e was increased. Various divalent cations also exerted these effects, although at different concentrations. While Zn2+, Cd2+, Cu2+ and Pb2+ modulated the I(A) in the micromolar range, Mg2+ and Ba2+ had effects in the millimolar range. Extracellular acidification produced a positive shift in the voltage dependence of I(A) gating. However, alterations of the extracellular pH did not abolish the Ca2+ effects on I(A); this indicates that protons and Ca2+ ions mediate their effects on glial K(A) channels by different mechanisms or binding sites, respectively. Physiological (i.e., activity-dependent) changes of the extracellular concentration of divalent cations and of the extracellular pH should influence the retinal excitability via modulation of glial K+ currents. The activation of glial I(A) by divalent cations at depolarized voltages supports a repolarization and, therefore, the maintainance of a hyperpolarized glial membrane potential during periods of increased neuronal activity.